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The +3 and +5 oxidation states of antimony a re  well-defined by a va r i e ty  

of compounds, and thus,  it is not surpr is ing t o  f ind  a t r i s u l f i d e ,  Sb2S3, and 

a pentasulf ide,  Sb2S5, enumerated i n  l ists  of antimony compounds. 

s u l f i d e  e x i s t s  i n  two forms: a gray-black c r y s t a l l i n e  modification, s t i b n i t e ,  

which cons i s t s  of p a i r s  of i n f i n i t e  antimony-sulfur chains (11, and an orange 

amorphous s o l i d .  

content and always contains a c e r t a i n  amount of loosely bound su l fu r ,  which 

may be removed by ex t r ac t ion  with carbon d i su l f ide .  

powder p a t t e r n  has been reported f o r  antimony pentasulfide (21, but i n  many 

instances t h i s  material seems t o  be e s s e n t i a l l y  amorphous. 

considerable question as t o  t h e  existence of Sb S 

a f u r t h e r  question as t o  whether t h i s  ma te r i a l  contains Sb(V). 

Mzssbauer isomer s h i f t  (1.S.) parameter is  pa r t i cu la r ly  sens i t i ve  t o  oxidation 

Antimony(II1) 

The so-called pentasulfide,  however, has a va r i ab le  su l fu r  

An X-ray d i f f r a c t i o n  

Thus, t h e r e  is 

as a d e f i n i t e  compound and 2 5  

Since t h e  

state, we  have recorded 12'Sb Mzssbauer spectra  f o r  Sb2S3(Stibnite), Sb2S3(Amorph. 

(I) and f o r  two samples of Sb2S5 (hereaf ter  i den t i f i ed  as antimony pentasulfide 

and antimony pentasulfide (11)) '  

-- Sources and Characterization of Materials. A l l  of t he  su l f ides  were pur- 

chased from common suppl iers  of laboratory chemicals ( s t i b n i t e  -- Fisher Scien- 

t i f i c  CO., Cat. No. A868; amorphous antimony t r i s u l f i d e  -- J. T. Baker Chemical 

Co. ; antimony pentasulf  i de (  I -- Alfa Inorganics , Inc. , C a t .  No .  SB-117 ; 
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antimony pentasulf ide(II)  -- E.  H. Sargent and Co.). 

pu r i f i ed  f u r t h e r ,  but they were characterized by ( a )  taking X-ray d i f f r a c t i o n  

pa t t e rns  and comparing them with t h e  published powder pa t t e rns  of s t i b n i t e  ( 3 )  

and of antimony pentasulf ide (21, and (b) quan t i t a t ive ly  determining antimony 

and free su l fu r .  

None of the s u l f i d e s  were 

Antimony w a s  determined by a permanganate t i t r a t i o n  (4).  Free s u l f u r  was 

determined i n  the  amorphous t r i s u l f i d e  and i n  the two pentasulfides by extrac- 

t i o n  of weighed samples i n  a Soxhlet extractor  f o r  one day with CS2. The res-  

idue w a s  dr ied,  weighed and then extracted again f o r  a day t o  insure t h a t  a l l  

free su l fu r  had been extracted.  The samples of amorphous antimony t r i s u l f i d e  

and of antimony pentasulf ide(I)  a t t a i n e d  constant weight after the 1-day ex- 

t r a c t i o n ,  bu t  t he  sample of antimony pentasulf ide(II)  was s t i l l  losing weight 

after 6 days extract ion.  

I. 

antimony determination, t he  percent weight loss, and the  formula of t h e  resi- 

due arr ived a t  by correct ing the  sample formula by t h e  number of gram-atoms 

of free sulfuy. 

A summary of t he  a n a l y t i c a l  data  i s  given i n  Table 

Included is  t h e  percent antimony, t he  formula of t h e  sample based on the  

TABLE I 

Summary of Analytical  Data f o r  t he  Antimony Sulf ides  

Antimony Sulf ide % Sb Formula (Sb2Sn) % Weight Formula (Sb2Sn) 
f o r  t he  Sample Loss f o r  the Residue 

--- - ------- - 
Sb2S2.97 S t i b n i t e  71.90 

Sb2S3. 55 

Sb2S4. 0 

Amorph. Antimony Tr i su l f ide  68.14 Sb2S3.55 0.0 

7.2 Sb2S4. 4 63.20 
( I )  

Antimony Pentasulfide 

Antimony Pentasulfide (11) 23.84 Sb2S24. 3 24.914 Sb2S16. 18 

*The residue w a s  not a t  constant weight, but extract ion w a s  discontinued 

a f t e r  6 days. 

The powder pa t t e rns  were determined on a Ph i l ip s  Electronics X-ray D i f -  

fractometer using f i l t e r e d  Co K or Cu K radiat ion.  The powder pa t t e rn  for our 

was i d e n t i c a l  t o  the  published s t i b n i t e  pa t t e rn  (3 ) ;  Of Sb2S3(Stibnite) 
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t h e  pa t t e rns  f o r  Sb 2 S 3(Amorph.) and antimony pentasulf ide(I)  showed e s s e n t i a l l y  

no d i f f r a c t i o n  peaks and therefore  these samples a r e  amorphous; t he  X-ray d i f -  

f r a c t i o n  powder pa t t e rn  f o r  antimony pentasulf ide(II)  showed prominent peaks 

corresponding t o  interplanar  spacings of 7.76 and 4.33 A ,  weak peaks correspond- 

ing t o  interplanar  spacings of 3.36, 2.88, 2.51, 2.47, 1.89 and 1.78 A ,  and i n  

addi t ion,  weak peaks corresponding t o  the  interplanar  spacings of rhombohedral 

su l fu r  (5) .  The residue a f t e r  6 days ex t r ac t ion  with carbon d i s u l f i d e  no longer 

showed the  rhombohedral s u l f u r  peaks nor any of t he  peaks l i s t e d  above, but  in- 

s tead gave peaks a t  interplanar  spacings of 6.15, 3.48, 3.04, 2.83, 2.75, 1.82 

and 1.70 A. 

mony pentasulf ide (2) does not match any of t h e  above pat terns .  

The X-ray d i f f r a c t i o n  pa t t e rn  reported i n  the l i t e r a t u r e  f o r  an t i -  

Determination of 12’Sb Isomer Sh i f t s .  The MEssbauer spectrometer con- 

s i s t e d  of an Austin Associates s-3 Constant Acceleration Spectrometer Drive 

used i n  conjunction with a Nuclear Data ND-180FM 512 Channel Analyzer. The 

veloci ty  sca l e  was ca l ib ra t ed  i n  t e r m s  of t h e  magnetic hyperfine s p l i t t i n g  of 

iron f o i l .  The source w a s  a W.15 m c  sample of 12’Sn (which decays t o  121Sb> 

i n  the  form of Sn02. 

counter, with the window of t h e  s ing le  channel analyzer set on the  escape 

peak of t h e  37 Kev 121Sb gamma ray. 

w e r e  prepared by d i l u t i n g  t h e  powdered sample 1:15 with powdered polyethylene 

and loading t h e  d i lu t ed  samples i n t o  sealed l u c i t e  holders.  

source w e r e  maintained a t  80°K. 

least squares technique t o  a s ing le  Lorentzian peak with an IBM 360/75 com- 

puter.  Although quadrupole s p l i t t i n g  is  expected i n  these compounds, the 

l a rge  natural l i n e  wTdth prevented observation of t h e  small s p l i t t i n g .  

The detector  w a s  a methane-xenon f i l l e d  proportional 

Absorbers containing about 10 mg/cm2 Sb 

Both sample and 

The data  from each spectra  were f i t  by a 

R e s u l t s  and Discussion -- 
Ruby et aZ. (6 )  and Bryukhanov et aZ. ( 7 )  have reported isomer s h i f t s  f o r  

s eve ra l  SbCIII) and Sb(V) compounds. 

range of isomer s h i f t s  (Sn0,(121Sb) source taken as zero) reported f o r  Sb(II1) 

compounds falls between -10.4 and -14.8 mm/sec; f o r  Sb(V) compounds between 

Using da ta  from these two sources, t h e .  
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+3.7 and -3.5 rmn/sec. 

i n  Table I1 along with the  corresponding f u l l  width a t  half  maximum. 

isomer s h i f t s  a l l  f a l l  between -12.7 and -14.32 mm/sec, it is immediately ap- 

parent t h a t  these materials contain only antimony(II1). 

The isomer s h i f t s  f o r  t h e  antimony su l f ides  are l i s t e d  

Since t h e  

TABLE I1 

Isomer Sh i f t s  and F u l l  Widths a t  Half Maximum f o r  the Antimony Sulfides 

Antimony Sulf ide I.S.2'; (mm/sec) Width (mm/sec) 

S t i b n i t e  -14.32 f 0 .11  4.31 f 0.17 

Amorphous Antimony Tr i su l f ide  -12.74 2 0.17 5.22 f 0.18 

-12.27 f 0.11 5.75 f 0.37 Antimony Pentasulf ide 

-12.54 f 0.11 5.73 f 0.26 Antimony Pentasulfide 

( I )  

(11) 

*Relative t o  t h e  Sn02(12'Sb) Source 

Three of t he  four  samples contain unextractable su l fu r  beyond t h a t  re- 

quired f o r  t he  composition Sb2S3. 

by modifying t h e  s t i b n i t e  s t r u c t u r e  by including a va r i e ty  of randomly located 

polysulf ide l inkages,  e.q.  -S-S-, -S-S-S-, i n  accord with t h e  stoichiometry. 

Increased disorder  a l s o  is indicated i n  these  samples by the  peak widths a s  

compared with The width of t h e  s t i b n i t e  peak. 

t h a t  f o r  s t i b n i t e ,  which is known t o  contain two d i f f e r e n t  antimony si tes (1). 

The 5 electron densi ty  of t he  two d i f f e r e n t  types of Sb nuclei  i n  s t i b n i t e  is 

not d i f f e r e n t  enough t o  give r i s e  t o  two peaks, but t he  width of t he  peak is 

about twice the predicted minimum peak width, 2.1 f 0.12 mm/sec (8) .  I n  the 

case of t h e  amorphous antimony t r i s u l f i d e  t h e  peak width increases;  t he  in- 

crease is  s t i l l  greater f o r  t he  two pentasulf ides .  

w e l l  be due t o  the  l a rge  va r i e ty  of s l i g h t l y  d i f f e r e n t  antimony sites t h a t  

would be present i n  a s t ruc tu re  made up by randomly incorporating polysulfide 

l inkages between antimony atoms. 

amorphous antimony t r i s u l f i d e  and s t i b n i t e  is very d e f i n i t e l y  r e a l  and corre- 

sponds t o  a decrease i n  2 electron densi ty  a t  t he  antimony nucleus i n  the  

amorphous material .  

This add i t iona l  s u l f u r  could be accommodated 

The narrowest peak observed is 

This increased width may 

The difference i n  isomer s h i f t  between the 
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